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Introduction
Previous studies suggest that improvements in human capital, as measured by labor quality growth, have been lower in Germany than in other European countries and in the United States (see Card and Freeman, 2004 , Jorgenson, 2005 . Using representative microdata from the German Socio-Economic Panel (GSOEP) we improve on previous estimates by using an actual labor market experience measure (instead of an age proxy) and by carefully considering the impact of German unification on determinants of labor quality. We also provide a methodological contribution: empirical approaches relating to what variables should be used and how weights should be determined are typically driven by data limitations. We evaluate the robustness of our estimates along several of these dimensions.
Alternative estimates
We take the BLS (1993) approach as our baseline. First, we estimate cross-sectional wage equations using weighted OLS:
The dependent variable is the individual hourly wage. In the baseline model, X includes dummies for two education (with secondary education as the omitted category) and five age categories (with those between 34 and 45 as the omitted category).P F
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Equation 1 is estimated separately for males and females and gender is therefore included as a third characteristic. The right hand side includes part-time employment status and sector as control variables in Z.
We consider three alternatives to this baseline. First, we include a full set of interactions among the human capital variables. Fitzenberger and Kohn (2006) find systematic differences across cohorts in the evolution of skill wage premia in Germany.P F
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These effects are captured by the interaction between age and education in the flexible model. The interacted model is equivalent to using mean wages for each group (after controlling for characteristics included in Z), similar to the approach in Ho and Jorgenson (1999) .
Second, we replace age with a measure of actual labor market experience. Age is commonly used as a proxy for labor market experience when information on actual experience is not available.
Education categories include those with lower secondary education (ISCED categories 0-2), upper secondary education (3 and 4) and tertiary education (5-6). However, using such a proxy may lead to important biases. The GSOEP includes detailed calendar information on main activity that is used to construct a measure of actual experience in full-time employment (in months).P Third, we construct measures of labor quality separately for the unified Germany and for former West German regions. Both the composition of hours and relative returns are likely to have been different in East and West Germany. Recent studies also suggest that these differences may persist (see Orlowski and Riphahn, 2008) .
Estimates of labor quality growth are computed by weighting total hours worked with weights constructed from the predicted wages from equation (1). Specifically, we construct predicted wages t j W , for each worker group j and year t. Weights are the average of the share of each group in total compensation in adjacent years:
where
and H is total hours worked. Change in aggregate labor input is:
Finally, growth in labor quality is equal to the difference between growth in aggregate labor input and growth in raw hours: This measure has been previously used to estimate returns to experience in Germany (see for example, Orlowski and Riphahn, 2008) . The sample with information on actual experience is somewhat smaller than the total sample. We have recomputed all estimates using the smaller sample to confirm that differences in the results are not driven by different samples.
Results
All four estimates indicate a continuous increase in labor quality in the last 20 years (see The estimates also show a common pattern over time. The late 1980s were characterized by low growth, followed by a period of strong growth immediately after unification. Labor quality growth has moderated thereafter.P F
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While the empirical choices reflected in the alternative estimates are not crucial for overall labor quality growth, they do matter for understanding its underlying determinants. Changes in the composition of total hours worked in Germany are characterized by three broad trends. First, while the shares of total hours worked by education categories were relatively stable until the early 1990s, thereafter the share with low (high) education has been declining (increasing). Second, population ageing has a strong impact on the composition. Following the increasing share of prime-aged workers, the share of workers with 10-20 year of actual labor market experience increased strongly in the mid 1990s. The share of those with less than 5 years of actual experience has been declining, coinciding with the declining share of young workers. Third, the share of women in total hours worked has increased substantially.
Changes in the weights reflect changes in relative returns. Previous studies suggest that the wage distribution across skill groups has been relatively stable over the sample period (for a review, see Fitzenberger and Kohn, 2006) . However, since the East German wage distribution was more compressed than in the West, trends in weights reflect the mixing of the two distributions, as well as a gradual adjustment process thereafter. Table 1 presents ratios of imputed wages from equation (1).
Alternative measures also show differences. In particular, after the immediate unification period, the index for West Germany shows the highest growth rates, whereas the experience based measure shows the lowest growth rates.
Focusing on the first and last year, relative returns to education indeed appear relatively stable.
However, immediately following unification, returns to higher education declined. Relative returns increase again in the 2000s, but do not fully reverse the loss. Returns to age have increased and more so for the oldest workers. In some contrast, with the exception of those with more than 30 years of experience, returns to experience have declined. Finally, the unification appears also to have contributed to a permanent decline in the gender gap. Overall the quantitative impact of trends in relative returns on labor quality growth is small. Keeping wages fixed at their early 1980s level suggests labor quality growth at 0.35 percent for the model based on experience (as opposed to 0.28 percent with actual wages). Table 2 presents a full set of results for the experience based model. The rise in educational attainment is the main driver of the increase in labor quality, while increase in experience also contributes positively. However, the first order contribution of actual labor market experience is approximately half the contribution of age in the baseline index. The contribution of gender is negative, dampening labor quality growth on average by almost 0.1 percentage point over the sample period. While it is standard to include gender as a determinant, these results suggest --assuming that only a part of the wage differential between men and women reflects productivity --that the index including women may understate actual improvements.
Conclusion
Our results show that going beyond a common baseline model does not fundamentally change the measured contribution of labor quality to productivity growth. However, including an actual experience measure and exploring differences across West and East Germany helps in understanding determinants of labor quality growth. We find that low labor quality growth is mainly driven by a relatively low increase in the share of hours worked by workers with higher education and a significant negative contribution from a higher share of hours worked by females. Results also suggest a lower direct contribution from actual experience than suggested by an age proxy.
Increasing the share of educated workers and ensuring proper incentives for accumulating labor market experience are needed to boost productivity growth in Germany. 
